Introduction
In the traditional clinical trial setting, study design often involves making a number of assumptions about important aspects of the study. For example, choosing a fixed sample size can be complicated by the need to select a clinically meaningful treatment effect or to specify values for nuisance parameters (such as the variance for a continuous outcome, the overall event rate for a binary outcome, or the accrual rate for a time-to-event outcome). Inaccurate estimates of the parameters lead to an underpowered or overpowered study, both of which have negative consequences.
Since knowledge accrues as the study progresses, adaptive designs (ADs) allow investigators to review design elements and parameters during the trial [1] [2] [3] [4] [5] [6] [7] . In general, an AD allows for changing or modifying the characteristics of a trial on the basis of cumulative information. An AD usually consists of at least two stages. At each stage, data analyses are conducted and adaptations implemented on the basis of updated information [8] . This approach provides investigators with an attractive solution to address some of the uncertainty that exists when the trial is originally designed. Changes may be based on parameters such as the rate of patient recruitment, baseline covariate information, or the rate of information accrual such as frequencies of endpointsall of which can be evaluated without unmasking treatment assignment. Other adaptations might involve parameters that require unmasking, such as the effect of treatment on response. Adaptations based on reestimated nuisance parameters may or may not require the unmasking of treatment assignment.
Recently, research and interest in the area of ADs have risen considerably. However, the rapid proliferation of interest in ADs and inconsistent use of terminology has created confusion about the similarities and differences among the various techniques. For example, the definition of an 'AD' itself is a common source of confusion. The term currently applies to a variety of situations. For example, 'adaptive' can refer to a broad approach to conducting a trial or to a specific element of a trial's design. Because the term applies to many different designs, all persons in a large group conversation could be describing the recent AD that they are working on; yet the designs could have very little in common. To advance the field, the scientific community must first agree on a definition. Fortunately, two recent publications have alleviated some of this confusion. In 2005, a multidisciplinary AD working group was formed to '… foster and facilitate wider usage and regulatory acceptance of ADs and to enhance clinical development, through fact-based evaluation of the benefits and challenges associated with these designs' [1] . The group, originally sponsored by the Pharmaceutical Research and Manufacturers of America (PhRMA), is currently sponsored by the Drug Information Association (DIA). An important early contribution of this group was a published white paper that provided one of the first formal definitions of an AD -'By adaptive design we refer to a clinical study design that uses accumulating data to modify aspects of the study as it continues, without undermining the validity and integrity of the trial' [1] . The group went on to specify that '... changes are made by design, and not on an ad hoc basis', and that ADs are '... not a remedy for inadequate planning'.
In 2010, the Food and Drug Administration (FDA) released a draft guidance document -'Guidance for Industry: Adaptive Design Clinical Trials for Drugs and Biologics' [9] . The document included a definition similar to that of the working group: '… a study that includes a prospectively planned opportunity for modification of one or more specified aspects of the study design and hypotheses based on analysis of data (usually interim data) from subjects in the study'.
Both groups support the general concept of 'adaptive by design', which implies that the only way to determine whether an AD preserves the validity and integrity of a trial requires prespecifying the rules for adaptation (i.e., 'if X happens, then we will do Y') before seeing any data. If the adaptations are prespecified, extensive simulations can be conducted. These simulations are crucial for determining whether the proposed adaptation introduces bias, how best to correct for bias if it occurs, and for comparing the properties of the AD with those obtained from a standard fixed design (ADs are not always better). For these and other reasons, it is necessary to plan adaptations in advance. Although opportunities may arise to perform simulations with unplanned adaptations, such simulations would generally apply to activity only from the point of adaptation forward. There is no defensible way to go back and capture the randomness of different scenarios that might have led to similar or different ad hoc changes. Therefore, only planned adaptations can be guaranteed to avoid any need to address important issues such as education, infrastructure, modifications to existing funding models, and the impact on Data and Safety Monitoring Boards (DSMB) in order to achieve the possible benefits of adaptive clinical trial designs. Clinical Trials 2012; 9: 671 -680. http://ctj.sagepub.com http://ctj.sagepub.com Clinical Trials 2012; 9: 671-680
unknown bias due to the adaptation and provide a replicable and, thus, statistically rigorous experiment. This caveat about prespecified adaptations is often the source of misunderstanding between investigators and regulatory agencies. Many investigators complain that they would like to conduct an AD but they are hesitant because they think the FDA is unlikely to accept anything out of the ordinary. On the other hand, an FDA reviewer may encourage the use of ADs, but only if researchers provide sufficient evidence that the design preserves the operating characteristics of the study (control of type I error rate, lack of bias, etc.). Specifying adaptations in advance, and conducting appropriate simulation studies, can address the concerns of both parties. Many diseases have an engaged patient community, often actively communicating through websites. In some diseases, patients, advocates, and their families have expressed intense interest in the potential for ADs to make effective treatments available to patients more quickly. In order for this conversation to be productive, these groups must understand ADs -what they are and are not. ADs alone cannot 'change the answer' regarding the effectiveness of a particular treatment, but they can increase the efficiency with which the answer is found. ADs alone cannot make an ineffective treatment suddenly effective. In fact, one of the biggest potential benefits of an AD is the ability to more quickly identify ineffective treatments. Stopping development of such a treatment early minimizes the resources expended to study an ineffective treatment and allows a redistribution of those resources to potentially more promising interventions.
The remainder of this article first provides an overview of the commonly proposed types of ADs. We then describe some hurdles that must be addressed, particularly for implementing ADs outside of industry. In particular, we present a summary of the recommendations from a November 2009 'Scientific Advances in Clinical Trials Design' workshop that was held to address these hurdles. We then discuss the future work based on the recommendations that came from this workshop. We close by highlighting several recent steps that have been taken by National Institutes of Health (NIH) and academic researchers to address some of the most salient issues.
Overview
As implied by the definition above, many design features of a study can be altered. Alterations to some of these elements are more controversial than others. For example, a group sequential design [10] can be thought of as an AD that allows premature termination of a trial due to efficacy or futility, based on the results of an interim analysis. In fact, group sequential designs are some of the most commonly used ADs in clinical trials. In briefly summarizing specific ADs used in clinical research, we include the early learning phase of clinical trials, the late confirmatory phase, and adaptive seamless designs that seek to integrate the two phases.
ADs are generally well accepted in the learning (exploratory) stage of clinical trials [9] . Adaptive dose-finding methods, such as the continual reassessment method [11] , offer more efficient ways to learn about dose-response; they can provide more information about dose-response earlier in development than do more conventional designs. These trials can be used to estimate the maximum tolerated dose (MTD), that is, the highest dose with less than some specified percentage of treated subjects having dose-related toxicities. After the MTD has been determined, the late learning phase generally aims to choose a dose (less than or equal to the MTD) that shows the most promise of affecting the clinical outcome of interest. An adaptive dose-response working group published a white paper that concluded that typical sample sizes in dose-ranging studies are inadequate for accurately estimating dose-response [12] . The group went on to claim that adaptive doseranging methods provided advantage and clearly improved both dose-response detection and estimation. The group favored a general adaptive dose allocation approach, as employed in the Acute Stroke Therapy by Inhibition of Neutrophils (ASTIN) study on acute ischemic stroke [13] . Both the above-mentioned methods are examples of Bayesian designs. In that sense, all Bayesian designs are adaptive. However, not all ADs are Bayesian designs.
Several authors have proposed a number of different ADs for use in the confirmatory phase of clinical trials. From the FDA's perspective, some of these are 'well understood', while others are less so [9] . A few of the most commonly discussed designs are summarized below, but we note that many more types of adaptations exist than can be covered here.
Adaptive randomization designs allow for modifying randomization schedules when assigning subjects to treatment groups during a trial [2, 14] . A study may employ response adaptive randomization (RAR), covariate adaptive randomization (CAR), or a combination of the two. With RAR, the allocation probability is based on the responses observed in previous subjects. With CAR, the allocation probability is chosen to reduce covariate imbalance between groups.
A biomarker AD allows for adaptations based on short-term biomarkers that are thought to be informative about the treatment effect on a clinical endpoint. The appeal of this type of design is greatest when a biomarker exists that can be measured earlier, more easily, and more frequently than a gold standard endpoint (such as survival). In such designs, the biomarker can be used at an interim analysis to inform possible adaptations to the design, even though the final analysis will still be based on the gold standard endpoint. Although theoretically appealing, these designs have not been widely implemented to date. This is likely due to the lack of validated biomarkers in many disease settings. Without a validated biomarker, there are major concerns regarding whether any positive result based on a biomarker will translate into success in the confirmatory setting. As a consequence of this concern, researchers may be hesitant to modify important design characteristics based on unvalidated biomarkers. An enrichment design originally enrolls from a large population of subjects, but then uses an initial screening period to determine those candidates most likely to benefit from the test agent [15, 16] . As an example, the screening period may be used to determine which subgroup of subjects is most likely to benefit. Correspondingly, the inclusion and exclusion criteria of the second stage are modified to focus on this subgroup of subjects, who are then randomized to receive either the active agent or control. This approach can increase power when a suitable subgroup can be identified, because any effects are not diluted by subgroups less likely to respond. There are examples in the literature of studies that have successfully used an enrichment design [17, 18] . However, these designs have also been criticized due to biased treatment effect estimates and lack of generalizability [19] .
A sample size recalculation design allows adjustment of the sample size based on a review of the interim data [20] . The appeal of this type of approach depends greatly on which parameters are being reestimated. A great deal of controversy surrounds the use of ADs based on reestimation of observed treatment effects [21] . The FDA considers this type of design 'less well understood' and has noted the potential for inefficiency, an increased type I error rate, difficulties in interpretation, and magnification of treatment bias [9] . The methods are sometimes defended for use in specific contexts, such as in cases of limited initial funding [22] . On the contrary, numerous authors have shown that internal pilot (IP) designs can be used in large randomized clinical trials to reassess nuisance parameters and make appropriate sample size modifications without affecting the type I error rate [5, 23, 24] . From a regulatory standpoint, methods that blind treatment allocation at the time of the interim reassessment are preferred whenever possible [25] . Accordingly, the FDA has classified blinded IP designs as 'well understood' [9] . The FDA may accept unblinded procedures if sufficient procedures are implemented to minimize the number of individuals with the unblinded information (e.g., the use of A/B pseudoblinding for an interim report), and detailed simulations have been conducted to define and correct for any inflation of the type I error rate or bias associated with the adaptation.
A seamless design combines objectives traditionally addressed in separate trials into a single trial. Such designs may be considered 'operationally seamless' and are aimed at increasing the efficiency over traditional approaches by reducing the resources and time required to conclude and analyze the results of the first trial before designing and initiating the second trial. An adaptive seamless design, also known as an 'inferentially seamless' design, takes this one step further. In an adaptive seamless design, the separate trials are combined, and the subjects from the first phase are included in the final confirmatory hypothesis test [26, 27] . Most interest to date has focused on a seamless transition between phase IIb (late learning) and phase III (confirming). However, opportunities also exist for seamless designs in early development [28] . Adaptive seamless designs may potentially reduce the timeline for approval in the drug development process. However, the analysis of data from this type of design generally requires specialized methods to correct for the bias introduced using data from the first stage in both the decision-making and final analysis. Hence, extra planning is necessary when implementing an adaptive seamless design, and the potential benefits should be carefully weighed against the challenges of such designs [29] .
Hurdles and description of the workshop
Much of the research on ADs has been driven by drug development within the pharmaceutical industry, but many basic principles remain the same regardless of the funding environment. However, some specific challenges differ when considering the use of ADs in trials funded by the NIH, the Veteran's Administration, foundations, or nonprofit organizations. As stated above for example, justifying the properties of a proposed AD often requires conducting extensive simulation studies. Burton et al. [30] provide an excellent description of how to develop a protocol for a simulation study. The scope of these required simulations is generally nontrivial. Many pharmaceutical companies are developing in-house teams whose primary responsibility is to assist with such simulations. Greater barriers exist for implementing the same type of infrastructure within the NIH-funded environment. For example, grant applications often require these http://ctj.sagepub.com Clinical Trials 2012; 9: 671-680 simulations be done in advance of submission and before any funding is available to support these activities. This requirement for simulations to be conducted prior to the submission of a grant application is somewhat analogous to the need for the collection of preliminary data prior to the submission of an R01 application. However, there are funding mechanisms through both NIH and internally through academic institutions that can support the collection and analysis of preliminary data needed to support a future grant application. At the current time, there are few mechanisms available to support the complex simulations needed to support the conduct of an AD. Furthermore, even if a researcher has access to a mechanism for funding, the researcher must also have access and support for a biostatistician, bioinformaticist, or other expert able to conduct the simulation study.
Consequently, there is a growing divide between the practicality and feasibility of conducting AD clinical trials in industry compared to academia. Greater clarity is needed within the academic clinical trials community regarding how to remove these barriers in order to promote the use of appropriate ADs. As one step toward addressing the prior concerns, the authors organized a workshop in November 2009. This 'Scientific Advances in Adaptive Clinical Trial Designs' workshop emerged from the adaptive clinical trial of high dose coenzyme Q10 in amyotrophic lateral sclerosis (QALS) [28, 31] . After the study ended, two members of the trials Data and Safety Monitoring Board (DSMB: C.C. and C.S.C.) and the trial's senior biostatistician (B.L.) obtained funding for a workshop to advance the use of ADs in publicly funded research. The two-day workshop invited 50 representatives from the clinical trials community (see 'Acknowledgments'), including participants from the NIH, FDA, European Medicines Agency (EMA), patient advocacy and nonprofit organizations, professional associations, and pharmaceutical companies.
The workshop had two specific aims. The first aim was to provide a forum for exploring the potential of adaptive clinical trial designs to achieve reliable results more quickly and with fewer resources than required by conventional designs. The second aim of the workshop was to provide an opportunity for participants to make recommendations regarding future work to increase research, education, and coordinated activity related to ADs. As a result of the discussions at the workshop, and subsequent discussions at national meetings, several key recommendations have emerged for addressing issues related to addressing the barriers that exist for implementing ADs in the academic trial setting. These are briefly summarized below.
Recommendation 1 (need for a betterdefined taxonomy): more opinions should be gathered about the need to bring a commonly understood framework to the field of ADs
Although recent publications have more clearly delineated the definition of an AD, more clarification is needed. For example, as previously indicated, both the AD working group and FDA support the general concept of 'adaptive by design'. The FDA definition is, however, somewhat more general: 'The term prospective here means that the adaptation was planned (and details specified) before data were examined in an unblinded manner … this can include plans that are introduced or made after the study has started if the blinded state of the personnel involved is unequivocally maintained when the modification plan is proposed'. This definition clearly allows for more flexibility, but is a little confusing since different individuals become unblinded at different points in a trial. For example, after an interim analysis, the unblinded statistician and DSMB have been unblinded, but the principal investigator (PI) has not. If the PI, who has not seen unblinded data, asks for a design change that must be approved by the DSMB, who has seen unblinded data, it is not clear whether this fits into the spirit of the FDA definition. Hence, although substantial progress has been made toward defining a taxonomy for clinical trial designs, there is not any single agreed upon taxonomy in the existing literature. If the experts in AD clinical trial design cannot agree on a consistent taxonomy, it is no surprise that the general scientific community remains very confused. In our experience, many very knowledgeable clinical trialists do not understand the important, subtle differences between different types of ADs. Most importantly, many fail to distinguish the ADs that have been classified by the FDA as 'well understood' and 'accepted' from those ADs that have been either classified as 'less well understood' or 'not accepted'. Thus, a great deal of confusion still exists in the general scientific community, and future discussion is needed to better clarify what distinguishes one type of AD from another.
Recommendation 2 (need to better quantify statistical risks): there is a need to better quantify the statistical risks (e.g., statistical bias, potential increase in type I error rates, and risk for covariate imbalance) associated with proposed adaptive approaches
Advocates and proponents of ADs need to move away from general, qualitative statements regarding advantages and disadvantages of ADs. Rather, more formal quantitative comparisons of the issues Clinical Trials 2012; 9: 671 -680 http://ctj.sagepub.com associated with alternative proposed adaptations are necessary. Despite the considerable amount of methodological work already done in this area, much work remains to be done. Because there are many possible adaptations, some will be more acceptable than others. The FDA draft guidance document characterization of ADs as 'well understood' or 'less well understood' reflects this view. It will be important to continue examining the proposed adaptations to classify them through a common metric. It also will be important for future researchers to provide guidance regarding whether a particular adaptation is acceptable for regulatory purposes, what evidence will be needed to gain such acceptance, and, if accepted, what issues must be addressed when implementing that type of design. This also underscores the need for a well-defined taxonomy that allows the field to classify which types of adaptations are acceptable, and which are not.
Recommendation 3 (better understanding of the concept of 'adaptive by design'): investigators should minimize (or preferably avoid) ad hoc changes
The concept of 'adaptive by design' is unequivocally important. Investigators should also limit the number and complexity of the proposed adaptations. As previously stated, simulations to assess bias can only occur when the changes are prespecified and can be adequately described in advance. The literature contains many examples of studies that have implemented unplanned adaptations. Although not supported by the AD working group and FDA definitions, many individuals see merit in these types of designs. However, many of the concerns raised by these examples could be eliminated by giving more thought to potential adaptations during the planning stages of a trial. Thus, future educational efforts should focus on clarifying the importance of prespecifying potential adaptations at the outset of a trial. Of course, 'the best laid schemes o' mice an' men gang aft agley'. Some flexibility must be allowed when major unanticipated events occur during the course of clinical trials. However, researchers should be encouraged to think through reasonable possibilities that might occur during the design of a trial and consider potential adaptations accordingly.
Recommendation 4 (modifications to current NIH funding model): NIH should offer more recognition and funding for planning clinical trials that might benefit from ADs
The NIH is uniquely positioned to help promote and support the use of ADs in clinical trials. Participants in the workshop were particularly concerned about the challenge associated with the grant review process for trials proposing to use an AD. Proposals using an AD will require reviewers with substantial experience and expertise with ADs, a still relatively small core group. This will be critical because a grant reviewer uncomfortable with the unknowns associated with an AD may have trouble understanding the specific aspects of the proposed design, and this discomfort may lead to a low score. To help assure reviewers that the design is feasible, investigators should provide sufficient details regarding the proposed adaptations in their grant applications. However, explaining the nuances of an AD, including the complex simulation studies that are often required, is difficult within the space constraints of the new 12-page NIH grant application. Reviewers of grant proposals also need to understand how AD trials work, when they are beneficial, and how evaluating their progress differs from evaluating traditional trials. A grant proposal should not receive a positive score merely because a reviewer likes the fact that the trial uses something innovative. Similarly, a strong proposal should not get a negative score simply because none of the reviewers understand the aspects of the proposed adaptations. Some type of alternative arrangement is need within the application format to provide adequate specific details associated with the proposed adaptation. One possible solution would be to allow the inclusion of an appendix that summarizes the design and results of the simulation study that was conducted to validate the proposed design which reviewers would also be required to consider. Whenever possible, researchers should also be encouraged to pursue the publication of ADs in the literature, along with detailed simulation reports as electronic appendices. The peer review process of such publications would allow the quality and performance of the design to be reviewed and documented prior to the review of the grant application.
The NIH should also implement a targeted program for developing tools associated with the use of ADs, such as software for the modeling and simulation required to assess a proposed adaptation. The use of an AD generally requires more (not less) upfront planning time. The development of a funding mechanism to support this type of design work, specifically to examine various options for clinical trials under consideration, would greatly help to advance the use of ADs in academic clinical trials. This investment could ultimately save resources by encouraging the use of simulations and modeling that lead to carefully planned trials that take far less time and many fewer resources than traditional trials. A great deal of recent progress has been achieved through industry partnerships with software developers. However, this software does not cover the entire range of possible adaptations, so future development is required.
ADs sometimes require adjustments to funding, but such changes often introduce logistical problems. The NIH should consider implementing flexible mechanisms that address long-term funding of clinical trials and commit to funding properly designed adaptive trials. Furthermore, a better understanding is emerging that one of the greatest benefits of ADs is the ability to declare a futile study much earlier in the process. Thus, ADs provide an avenue for directing available resources to better scientific advantage. This provides one of the notable divides between academic and industry trials -industry trialists will readily stop a study that shows itself to be futile and reassign those resources to more promising areas. On the contrary, the current structure of academic grant funding provides a strong disincentive to early termination of a trial for futility. An academic clinical trial group, especially one mostly or entirely reliant on NIH funding, faces an immediate loss of support for their funded positions if a planned multi-year study ends abruptly. This reality leads to an understandable reluctance among academic trialists to stop a study for futility until very late in the study life cycle. In the academic arena, rethinking the inherent disincentive to ending futile trials needs to occur anyway, and where applicable, ADs provide an efficient means with which to stimulate these discussions.
Recommendation 5 (better understand the impact on a DSMB): the use of ADs may require a different way of thinking about the structure and conduct of DSMBs
As ADs become more common, the role of the DSMB (or, equivalently, the Data Monitoring Committee (DMC)) may change. Future adaptive clinical trials have the potential to require a level of commitment from DSMB members that is beyond the current standard. A board's knowledge of interim results might be perceived as a potential source of bias if the DSMB has too much leeway in implementing the adaptations. Again, this reiterates the importance of the 'adaptive by design' concept. Investigators need to provide clear rules and decision triggers to the DSMB to minimize the role of the DSMB's judgment at the time the adaptations are implemented. However, the DSMB must also be prepared to make decisions based on both the prespecified rules and any unexpected events that arise during the conduct of the trial. This added complexity greatly complicates the role of the DSMB. This issue has been addressed in the literature [32] [33] [34] , but merits further discussion.
The use of ADs also will require greater efforts with respect to the training of potential DSMB members. For example, statisticians who serve on DSMBs for trials with an AD should be familiar with the theory and practice of ADs. These types of DSMBs should more often include individuals with data management expertise, since timeliness and quality data management are crucial for the successful implementation of an adaptive trial design. While this is always important, the use of an AD places a greater emphasis on a more timely resolution of data queries -which greatly impacts the infrastructure of the information management systems used for a given trial. The worst-case scenario would involve a planned design change that is implemented but then later found to be based on incorrect data -and a different decision would have been made had the data been correct.
Recommendation 6 (need for education): there is a need for education of the clinical trials community regarding the use of ADs
Education about ADs is a major unmet need for the clinical trial community. Because of the limited resources, educating all stakeholders will be challenging and will require a collective, collaborative effort. One possible mechanism for meeting this challenge is through additional forums that will continue the dialogue about ADs. For example, the NIH could develop programs for educating and training researchers, reviewers, and potential DSMB members about potential areas that might benefit from the use of ADs, and which ADs would be considered appropriate for which setting. The AD working group has created many training presentations that have been made publicly available. The academic clinical trials community could seek broader representation within the existing AD working groups (which have focused more heavily on industry-sponsored trials). Alternatively, interested parties could form separate groups under the auspices of an appropriate umbrella group such as the Society for Clinical Trials (SCT). Finally, the medical media (including medical journal editors and reviewers) should understand the issues associated with the use of adaptive trial designs. The media should recognize that not everything that is called an 'AD' warrants the label according to the definitions presented in this article and published elsewhere.
Patient advocacy groups, professional associations, and nonprofit organizations also could collaborate on ways to educate professionals, patients, family members, and the media about ADs. Many investigators acknowledge the role of nonprofits as adjunct trial funders, potential portals to trial subjects, and as liaisons with members of the public without whom there would be no clinical trial research. Because of the especially important role, 
Discussion
Clearly, there is an increasing interest in the use of ADs. In general, regulatory agencies will accept some ADs, but they are cautious about others -particularly for pivotal studies [9] . An adaptive trial generally requires much more upfront planning for design and for implementing the simulations typically required to demonstrate the validity of the design. Yet, properly planned ADs can lead to more efficient trials requiring less time and fewer resources overall than traditional designs. While the development of new statistical methodology is needed, appropriate statistical methods currently exist for implementing a number of wellaccepted ADs. Before any AD can be practically implemented, however, a number of logistical barriers must be overcome [35, 36] . The AD working group developed a 'good practices' article that summarized lessons learned from several years of industry experience [33] . This article was provided as a handout at a conference to discuss the FDA Draft Guidance and includes an electronic attachment of a DMC charter that has been effectively used in practice. While many of these recommendations are also helpful to academic trialists, there are nuances of NIH-funded trials that have not yet been adequately addressed. The workshop described here was an attempt to initiate discussions of how to address these important limitations among the academic trials community.
Although issues related to infrastructure are often rate limiting, several recent steps have addressed this concern. One example is the creation of the National Institute of Neurological Disorders and Stroke (NINDS)-funded Network of Excellence in Neuroscience Clinical Trials (NeuroNEXT) [37] . The goal of this network is to provide infrastructure to support the conduct of phase II studies in neuroscience. Another example is the recently funded 'Accelerating Drug and Device Evaluation through Innovative Clinical Trial Design' project [38] . This NIH-and FDA-supported project, based at the University of Michigan, proposes to use ADs to optimize the design of several large trials being conducted within the NINDS-funded Neurological Emergency Treatment Trials (NETT) network. The development of these types of complex infrastructures dramatically increases the feasibility for using more novel trial designs, including ADs. Additional infrastructure building efforts are needed in other areas to help further advance the use of ADs, particularly in the publicly funded environment. Importantly, although the increased interest in ADs has brought many of the infrastructure issues to light (need for more upfront planning, need for better training to serve on a DSMB, need for efficient data management, etc.), one could argue that these same issues are just as important in traditional clinical trials. The increased consideration of ADs has put a much greater emphasis on the need to address these issues across clinical trial research. It is critical to recognize the importance of these issues whether one is considering an AD design or a traditional one, and it can be argued that AD designs are making an extremely positive contribution to clinical trials in general by pushing these often overlooked issues to the forefront.
